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Summary: Human seminal alkaline phosphatase was investigated with respect to its electrophoretic mobility,
heat lability, and susceptibility to inhibition by phenylalanine, tartrate, and homoarginine. Total alkaline
phosphatase activity in 30 samples of human semen was measured colorimetrically, using /?-nitrophenylphos-
phate as substrate. Using linear regression analysis, no significant correlation was found between the enzyme
activity and the sperm count, sperm motility, semen volume, and the concentrations of seminal inositol and
fructose. The alkaline phosphatase activity was higher in the earlier portion of split ejaculate samples. Sodium
DL-tartrate (42mmol/l), which inhibits acid phosphatase, did not inhibit seminal alkaline phosphatase
significantly. L-Homoarginine (10 mmol/1), an inhibitor of the liver and bone isoenzymes, inhibited the seminal
enzyme (53%), whereas L-phenylalanine (12 mmol/1), a strong inhibitor of placental alkaline phosphate,
decraased activity by about 10%. Electrophoresis of semen samples on agarose revealed a braod band which
was not sharpened after treatment with neuraminidase. Semen total alkaline phosphatase was essentially
totally inactivated by heating at 56 °C for 15 min or 10 min at 65 °C; similar behaviour has been reported for
the liver and bone isoenzymes. Electrophoresis after heating did not reveal a residual band of heat-stable
placental-like alkaline phosphatase. Semen alkaline phosphatase appears to contain more than one isoenzyme,
but placental-like alkaline phosphatase cannot be more than a minor component.
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Semen samples were obtained by masturbation after three days
i) Enzyme °f sexual abstinence. Seminal volume, cell count and motility
Alkaline phosphatase EC 3.1.3.1 were determined by standard methods (8). Semen fructose and
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inositol were separated by paper chromatography and detected
with AgNO3 as previously described (9).
Alkaline phosphatase was determined colorimetrically, using p-
nitrophenylphosphate as substrate (10, 11).
Semen samples (5 μΐ) were submitted to electrophoresis at pH
8.6-9.0 on agarose for 30 minutes at 250 Volts, using the
Helena Laboratories kit, with 5-bromo-4-chloro-3-indolyl
phosphate as substrate and nitroblue tetrazolium chromogen
to visualize the enzyme activity (12).
Heat inactivation to destroy non-placental enzymes was pre-
formed at 56 °C for 15 minutes, or 65 °C for 10 minutes (15).
Neuraminidase (Vibrio cholerae\ Helena Laboratories kit as
above) treatment was applied at 25 °C for 15 minutes.
Results and Discussion
Assay of alkaline phosphatase activity in five sets of
split ejaculate samples obtained from a male infertility
clinic showed a broad range of values (tab. 1). In each
patient the alkaline phosphatase concentration was
higher in the' earlier portion of the semen. This frac-
tion generally contains predominantly prostatic fluid
mixed with some seminal vesicle secretion and the
bulk of the sperm cells and associated secretions from
the testis and epididymis, whereas the later portion
generally contains the bulk of the seminal vesicle
secretion together with some prostatic fluid and a
lower concentration of sperm cells (13).
Using linear regression analysis, no significant cor-
relation was found between the alkaline phosphatase
activity of 30 samples of semen and the sperm con-
centration, % motility, semen volume, or the concen-
trations of either inositol (a prostatic marker) or of
fructose (of seminal vesicle origin) (tab. 2). These
results are consistent with the hypothesis that the
alkaline phosphatase of human semen might be a
mixture of several isoenzymes from different sources,
and several techniques were used to distinguish be-
tween these forms.
Electrophoresis on agarose gel has been used to sep-
arate serum alkaline phosphatase isoenzymes of liver,
bone, intestinal and placental origin (12). As revealed
by this technique, human semen contained broad,
overlapping bands of alkaline phosphatase activity,
but the distribution was not identical with that nor-
mally found in blood serum (fig. 1). The electropho-
retic zone was not sharpened by the use of neuramin-
idase, which is known to aid in separating the bands
produced by the bone and liver isoenzymes (14). Heat-
ing, which destroys non-placental enzymes while leav-
ing placental and placental-like enzymes essentially
unaffected (15), inactivated the seminal alkaline phos-
phatase activity (tab. 3). Electrophoresis of the heated
semen did not reveal a band characteristic of heat-
stable placental-like alkaline phosphatase under the
conditions used. This indicates that the concentration
of placental-like alkaline phosphatase, reported to be
present in human semen (1), is too low to be measured
in this way.
The isoenzymes of alkaline phosphatase have been
reported to have different sensitivities to inhibitors.
L-Phenylalanine (12 mmol/1) is an effective inhibitor
of the placental-like alkaline phosphatase isoenzyme
(16). It decreased seminal alkaline phosphatase activ-
ity by about 10%. L-Homoarginine (10 mmol/1), re-
ported to inhibit the liver and bone isoenzyme (16),
inhibited the semen enzyme by 53%. These results,
and those of heat inactivation (tab. 3), suggest that
the bulk of the seminal alkaline phosphatase was of
the liver enzyme type rather than the placental-like
form.
Tab. 1. Some semen quantities measured in samples of human split ejaculate samples. Patients were requested to collect early
















































































* Inositol N = 50 mg/1, 2N = 100 mg/1
** Fructose N = 200 mg/1, 2N = 400 mg/1
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Fig. 1. Agarose gel electrophoresis of human semen and blood
serum samples. Electrophoresis was performed as de-
scribed in Materials and Methods, using the Helena
procedure (12). The origin is marked "o". Samples
1-10 are:
1 Semen # 1 containing 536 U/l alkaline phosphatase;
2 Semen #2 after neuraminidase treatment;
3 Semen #3 after neuraminidase treatment;
4 Semen #2, 332 U/l alkaline phosphatase;
5 Semen #3, 462 U/l alkaline phosphatase;
6 Blood serum with fast liver, bone and liver isozymes;
7 Blood serum with bone isozyme;
8 Blood scrum with fast liver and liver isozymes;
9 Blood serum with fast liver, bone (trace) and liver
isozymes;
10 Blood serum with fast liver and liver isoenzymes.
The amount of alkaline phosphatase in semen from
various species differs widely. In the bull, boar and
rabbit semen, there is more alkaline phosphatase than
acid phosphatase (3). In man the opposite is the case.
It has even been suggested that the alkaline phospha-
tase activity of human semen reflects the residual
activity of prostatic acid phosphatase at the elevated
pH of the assay (3). In order to test this hypothesis
we added an inhibitor of prostatic acid phosphatase,
sodium Z)L-tartrate (42 mmol/1), and observed no
inhibition of the alkaline phosphatase activity of the
semen samples (tab. 3).
It has been reported that the alkaline phosphatase of
dog and rabbit semen originates mainly from the
epididymis (5, 6), whereas Chamberlin et al. (17) found
that alkaline phosphatase in man is from the prostate
secretion. Lewis-Jones et al. (1) used a specific ELISA
assay to quantitate a placental-like alkaline phosphat-
ase isoenzyme in human semen and showed that it is
not present in semen from vasectomized man.
The results of the present experiments, together with
the work of McLaughlin (18), suggest that there may
Tab. 2. Some semen quantities measured in samples of human semen.
Inositol and fructose were estimated semiquantitatively by paper chromatography, vs. standards (inositol: N = 50 mg/1;
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Tab. 3. Inhibitory effects of heat treatment and chemical inhib-
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be more than one source of alkaline phosphatase in
human semen. Singer et al. (2) have reported that
there is negligible alkaline phosphatase activity in
human sperm cells. They did not find a significant
correlation between the total Alkaline phosphatase
activity of semen and the sperm count.
In the present study, heat-treatment, the use of L-
phenylalanine and L-homoarginine inhibitors, and gel
electrophoresis, did not separate the seminal iso-
enzymes well enough to allow their differential assay.
In order to use alkaline phosphatase isoenzymes as
markers for studying the function of their secretory
organs, it will apparently be necessary to utilize as-
says, such as the ELISA method of McLaughlin (18),
based upon the use of a monoclonal antibody specific
to the one isoenzyme which is to be measured.
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